Objectives: Mercury allergy is a serious health problem. We investigated the relationship between positive patch test for mercury and sources of mercury exposure, indicated by concentrations in biological samples from healthy medical students.
Introduction
The toxicity of mercury has been known for a long time. Many cases of mercury poisoning have been reported. The central nervous system is particularly susceptible and other organs due to a large intake of fish contaminated with methylmercury, and mercury poisoning is a social problem in many countries (1) (2) (3) . Occupational exposure to mercury in the chemical industry (4) (5) (6) and in dentistry (7, 8) has been reported.
For ordinary persons who are not occupationally but are environmentally exposed to low levels of mercury, allergy caused by a very small amount of mercury including inorganic mercury is another problem. Mercury has been recognized as a potent allergen ranked more highly than nickel and chrome (9, 10) . Contact dermatitis, stomatitis caused by dental amalgam, and sequentially autonomic imbalance syndrome has been reported as 'amalgam disease' (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . Cases of allergy caused by mercurochrome have been reported (23) , and thiomersal, an additive in vaccine acting as a microbicides, has been highlighted as a health risk (24) . In spite of these problems, dental amalgam and mercury containing microbicide, such as mercurochrome and thiomersal, are still used widely in daily life because of their relative benefits.
We previously reported on the relationship of a positive patch test for mercury indicating mercury sensitization and environmental factors as sources of mercury exposure among students (25, 26) . The students were in good health, without obvious signs of mercury poisoning, and absorbed small amounts of mercury in their normal daily life. We performed a patch test (PT) as an indicator of skin sensitization with mercury, measured mercury concentrations in urine (Hg-u) and hair (Hg-h) as indicators of mercury exposure, and then investigated the relevant factors affecting PT results and the relationship between mercury concentrations and exposure factors, that is, dental amalgam, fish consumption, and mercurochrome usage. Information on fish consumption was obtained using a nonvalidated self-administered questionnaire. Preceding studies obtained information on fish intake in terms of preference of fish (27) , daily amount of fish intake (28), or estimated mercury intake from fish (29) . To avoid using much time and manpower, we used a simplified questionnaire that can be completed within three days. The Hg-h values among students with a positive Hg-PT (Hg-PT(+) group) were significantly higher than those among students with a negative Hg-PT (Hg-PT(−) group); the number of decayed teeth filled with metals among the Hg-PT(+) group was higher than that among the Hg-PT(−) group.
In the above studies of the authors, the rate of Hg-PT(+) students was around 0.1, that is, approximately 10 students out of 100 in each grade. Since the rate was not high, we applied the case-control study to investigate the relevant factors affecting Hg-PT(+). Hg-PT(+) students were the case group, and the Hg-PT(−) students were the control group (reference group).
We recruited subjects in addition to those investigated in the previous reports. We examined the same relationships. Moreover, we performed multiregression analysis of Hg-u with dental amalgam number, fish consumption, and mercurochrome usage. It was suggested that Hg-PT(+) might be related to the number of amalgam.
Materials and Methods

Subjects
About 100 students attended classes during their fourth year each year during the study period from 1993 to 2002, resulting in a total student number of nearly 1,000. PTs were performed for 530 students (65.6%) who gave written informed consent (323 males and 207 females). Students who had dermatitis for various reasons were excluded from the study. PT(+) students were considered as the case. The control group was initially sampled from PT(−) students by matching the genders and ages at a control-to-case ratio of 2 : 1. Some students actually refused. Finally, we considered the remaining PT(−) students as the reference group. Those who consented to be references also provided us with urine and hair samples.
PT
PTs were performed using the method of the Japanese Contact Dermatitis Society: a patch sink with 0.05% mercury chloride solution was attached to the medial aspect of the arm (30) . We observed the skin after 48 hours and evaluated the PT to be positive if skin findings were (+) or more extensive than (+) according to the International Contact Dermatitis Research Group (ICDRG) standard (31) .
Analysis of environmental factors
Hair and urine were sampled in the early morning and after supper among the Hg-PT(+) and Hg-PT(−) groups. At the same time, the level of fish intake 3 days before sampling urine and the extent of mercurochrome usage during their childhood were assessed using a self-administered questionnaire (Annex). We defined the number of meals including fish consumed in a total of 9 meals for 3 days to be the level of fish intake (FI). As for the answer on mercurochrome usage during their childhood, we classified their answers, 'I always used' and 'I sometimes used' as positive and 'I did not use' as negative. Moreover, the number of decayed teeth filled with amalgam (NA) and the condition of the oral cavity as regards stomatitis were monitored by a dentist.
Measurement of mercury concentration
Urine (25-100 ml) was assessed for its specific gravity and creatinine concentration. It was frozen, stored, and refrozen at the time of mercury concentration measurement. Creatinine was measured by an enzyme method (32) using the kit manufactured by Dai-ichi Kagaku Yakuhin Inc. About 1 g of hair was cut from the head and washed by exposure to ultrasonic waves in 1% neutral cleanser for 30 minutes, dried at 40°C for 2 hours, and stored in a desiccator.
Mercury concentrations in 500 µl of urine and in 1-3 mg of hair were measured by the gold amalgam method (33) using the mercury analyzer SP-3D (Nippon Instrument Co., Japan).
The concentration of urine markedly changes over time. We corrected such concentration changes in urine using the creatinine method (34, 35) , whereby measured concentrations (W/V) were divided by creatinine concentrations.
Statistical analysis
Since Hg-u and Hg-h in this study were almost logarithmically distributed, we transformed Hg-u and Hg-h using common logarithms, and performed the following statistical analysis on the log-transformed data separately for males and females.
We performed t-tests for the differences in Hg-u and Hg-h, respectively, between the Hg-PT(+) and Hg-PT(−) groups. We performed t-tests for FI and NA, respectively, between the Hg-PT(+) and Hg-PT(−) groups, and χ 2 -tests for the extent of mercurochrome usage between the Hg-PT(+) and Hg-PT(−) groups. Since the mercury concentration in urine of the Hg-PT(+) group was significantly higher than that of the Hg-PT(−) group, NA, FI, mercurochrome usage, and age were entered into the multiple regression model using Hg-u as a dependent variable.
From the multiple regression analysis result, it was found that NA significantly increased Hg-u among the male students. Accordingly, we aimed at quantitatively studying the relationship between NA and the rate of PT(+). The case and reference groups were pooled as a whole and divided by gender. The whole group was trisected according to NA. Spearman's regression test was used among these groups.
In all analyses, differences were considered significant when the p-value was less than 0.05. These analyses were performed using SPSS (ver. 8).
Results
Characteristics of subjects
Fifty-five subjects (36 males, 19 females) were Hg-PT(+) out of a total of 530 (10.4%) subjects (Table 1) . Seventy-nine (52 males, 27 females) Hg-PT(−) subjects participated in this study as a reference group.
The number and age of the Hg-PT(+) and Hg-PT(−) group subjects are shown in Table 2 , showing no significant differences.
Mercury concentration and environmental exposure to mercury
The results of Hg-u and Hg-h measurements among the Hg-PT(+) and Hg-PT(−) groups are shown in Figs. 1 to 3 . Hg-u values in the early morning (A) and after supper (B), and Hg-h (C) for the male Hg-PT(+) group were all higher than those of the male Hg-PT(−) group. Out of the three mercury concentrations (A, B, C) of the male Hg-PT(+) group, two (A, B) were significantly higher than those of the male Hg-PT(−) group.
Factors affecting Hg-u
There were no significant differences in FI, NA, and mercurochrome usage in either male or female subjects between the Hg-PT(+) and Hg-PT(−) groups (Tables 3 and 4 ). Dental analysis did not reveal stomatitis caused by mercury in any of the subjects.
Since there was a significant difference in Hg-u in the early morning between the Hg-PT(+) and Hg-PT(−) groups, we carried out multiple regression analysis to clarify the relationship between exposure to Hg, as measured by Hg-u and NA, FI, mercurochrome usage, and age. NA, FI, mercurochrome usage, and age were explanatory variables and Hg-u in the early morning was the objective variable. The results of multiple regression analysis are shown in Table 5 . In both male and female subjects, NA, FI, and mercurochrome usage all affected Hg-u in the early morning. In males, NA significantly increased Hg-u.
Relationship between amalgam and PT
The rates of PT(+) are shown in Fig. 4 among the trisected group for the male and female subjects. There was no significant difference. 
Discussion
The number of PT(+) students was small. The measurement of mercury concentration among all students entails money, time, and effort and the need to meet ethical requirements. Accordingly, we classified the PT(+) students as the case group and the PT(−) students as the reference group. A casecontrol (reference) study can be used when the number of the case is small and when it is difficult to take sufficient number to study the dose-response or exposure-response relationships. A case-control (reference) study is considered to be sufficient for clarifying relevant factors.
We tried to sample the control from students with PT(−) by matching with gender and age at the ratio of two to one. However some denied. We could not have the sufficient number of the reference. Therefore the result from the present study may be limited. Nevertheless the significant difference in Hg-u among the groups has an impact.
Hg-u was in a range similar to that reported among the general public with no occupational exposure (36) . In spite of this, Hg-u among the male Hg-PT(+) group in our present study was significantly higher than that in the corresponding Hg-PT(−) group. While Hg-h in the male Hg-PT(+) group was higher than that in the male Hg-PT(−) group, the difference was not significant. In our previous report (26) Hg-h of the Hg-PT(+) group was significantly higher than that of the Hg-PT(−) group, while Hg-u of the Hg-PT(+) group was higher than that of the Hg-PT(−) group, but not significantly. A tendency for Hg-h and Hg-u amongst the Hg-PT(+) group to be higher than in the Hg-PT(−) group was found both in our previous and current studies. Significances for biological samples, i.e., urine or hair differently appeared between our two studies. In the previous study, the number of Hg-PT(+) subjects might not have been high enough to generate a significance.
It is said that methyl mercury tends to accumulate readily in hair (37) . On the other hand, inorganic mercury, e.g., from amalgam absorbed in the oral cavity, is excreted rapidly in urine and not stored in the body. William et al. (38) assumed that inorganic mercury from amalgam transform in oral cavity to methyl mercury to a very small amount. The absorption content of methylated mercury in oral cavity is quite far less than that of absorbed methyl mercury from fish. Even though, methyl mercury through the oral cavity from amalgam may move to hair. Therefore, the finding in our previous report that Hg-h of the Hg-PT(+) group was significantly higher than that of the Hg-PT(−) group may reflect this metabolism.
Our present results on the relation of PT and Hg revealing no significant difference in Hg-u of female students coincides with the previous report (39) . Zimmer et al. (39) could not find any differences in amalgam fillings or mercury levels in biological samples between the sensitive subjects and the nonsensitive controls for amalgam. As shown in Table 3 , amalgam might not have been present as many in females as in males.
Multiple regression analysis showed that NA was significantly related to Hg-u in the male students. Therefore, exposure to amalgam might increase Hg-u. Since Hg-u in the male Hg-PT(+) group was sometimes higher than in the male Hg-PT(−) group, exposure to amalgam reflected by mercury excreted in urine might be related to Hg-PT(+).
NA was counted by the dentist at our University. On the other hand, FI and mercurochrome usage were researched by the not-validated self-administered questionnaire. The measurement of NA contributes to a significant coefficient of the mercury level. On the other hand, FI did not have a significant coefficient with mercury level in urine. This may be from semiquantitative measurement for FI.
Hg-u in the male Hg-PT(+) group was significantly higher than in the male Hg-PT(−) group. Multiple regression analysis showed that NA was significantly related to Hg-u in the male students. It was suggested that Hg-PT(+) might be relate to NA. To prove this suggestion, we should primarily have done the exposure-response analysis between the rate of PT(+) and NA. Therefore as a part of analysis we pooled the case and the reference and made regression analysis of the rate of PT(+) with NA among them. We could not find any significance. This might be because we did not include all the students patchtested.
In the general population, sources of mercury exposure may include fish consumption, dental amalgam, and mercurochrome usage. The literature on mercury in hair with or without fisherman job reported the following: the fishermen in Malaysia had 12.08 mg/kg (40) ; inhabitants in the metropolitan Tokyo and in area surrounding Tokyo in Japan had 2.98 ppm in the male and 2.02 ppm in the female (27) ; inhabitants in five districts in Japan had 2.55 µg/g (29) ; the female including inhabitants living near the fishing harbor in Akita in Japan had 1.73 µg/g (28) . The average value of 1.54 µg/g Hg-h in the present study is less, comparing to those values. The intake of mercury from fish may be very low among the students. Our analysis showed that mercurochrome usage did not affect the mercury concentration in biological samples, especially in hair. Long term exposure to dental amalgam as one of the sources of exposure substantially affected the levels of mercury in the body.
It is said that dental amalgam clearly causes many health problems such as dermatitis and Hg sensitization. This epidemiological study suggests that, amongst people with no clinical symptoms, Hg-PT(+) might be related to a high Hg-u, and possibly to a high NA.
